Nonspecific binding of a number of unrelated nucleic acid probes to cells in the crypts of Lieberkuhn was observed in the small intestine of mice with the in situ hybridization technique. Hybridization signal was localized to cells which, by virtue of their histological position, represented F'aneth cells. This signal could not be removed by RNAse, DNAse, or proteinase K treatment, and was not removed after high-
stringency washing conditions. This report indicates that caution must be exercised in the interpretation of in situ hybridization data when looking for nucleic acid sequences in the gastrointestinal tract. ( J Hisrochem Cycochem 40:
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Tissue Preparation. Animals were sacrificed by cervical dislocation under fluothane anesthesia and regions of the gastrointestinal tract were dissected and fixed for approximately 5 hr in 4% paraformaldehyde. Tissues were processed through alcohols and chloroform and embedded in paraffin wax. Sections 5 pm thick were cut and mounted on subbed slides (gelatin 0.5%, chromalum 0.05%) and stored at -20% until used. Other tissues were frozen in liquid nitrogen and stored at -70%. Frozen sections were cut at 5-8 Bm at -20°C in a cryostat, collected on silanatcd slides, and allowed to air-dry for 30 min.
probes. Probes for the skeletal musde-specific gene myogenin, pBU65#7 (anti-sense) and pBU65#ll (sense), were obtained from Dr. W. E. Wright (University of Texas). These represent a 1486 BP cDNA fragment cloned in both orientations into a modified T3/T7 transcription vector (7) . A pBU65#7 probe with the c-myc homology sequence removed was prepared by linearizing the template with PstI instead ofHindIII. The skeletal musclespecific MyoDl probe was obtained from Dr. R. L. Davis (University of Washington) and is a 1785 BP cDNA fragment cloned into a T3/T7 transcription vector (8) . Sense and anti-sense riboprobes were transcribed from linearized plasmids in the presence of [35S]-UTP or [lzsI]-CTP using the above templates and a Promega (Madison, WI) riboprobe labeling kit according to the manufacturer's specifications. Riboprobes were reduced in length by alkaline hydrolysis to about 150 nucleotides.
A 171 BP sequence from the 3' untranslated region of the human a-cardiac actin gene (9) in the pHP34 vector was obtained from Dr. p. Gunning (Camperdown Children's Hospital, New South wales, Australia) and was nick-translated with [35S]IATP using an Amersham (hole, UK) nicktranslation kit according to the manufacturer's specifications.
A mouse Y chromosome-specific sequence, I45SCS (10) . was obtained from Dr. Y. Nishioka (McGill University, Quebec, Canada) and was labeled with digoxigenin by random priming using a Boehringcr Mannheim (Mannheim, Germany) digoxigenin DNA l a b e h kit according to the manufacturer's specifications. This probe hybridizes to male but not to female nuclei (11) . with the same DNA labeling kit.
In situ Hybridization. In situ hybridization was carried out as described in Sections were hybridized for about 16 hr at 50°C. Those sections hybridized with 3'S-labeled probes were washed in four changes of 2 x SSC (1 x SSC is 0.15 M NaCI, 0.015 M trisodium citrate, pH 7.0) containing 0.1% Triton X-100. 1 mM EMA. and 5 pM dithiothreitol at G O T over 1 hr, followed by 0.1 x SSC with the same additions for a further 30 min at 60'C. Sections hybridized with '*'I-labeled probes were washed in fivc changes over 5 hr in 0.1 x SSC, 20 mM Tris, 100 pM KI at room temperature, then in 30% formamide, 0.1 x SSC. 20 mM Tris, 100 pM KI at 75'C for 20 min. To remove nonspecifically bound probe, slides were treated with 40 pglml RNAse A (Sigma) for 30 min at 37'C. then washed in six changes of 2 x SSC at G O T over a 1-hr period. Sections were dehydrated in alcohols, air-dried. and coated in NTB-2 emulsion (Eastman Kodak; Rochester, NY) and exposed for 6-7 days before developing. Sections were stained in Giemsa after developing and examined under both brightfield and darkfield microscopy.
Frozen sections used for hybridization with the digoxigenin-labeled probes were post-fixed in 4% paraformaldehyde for 30 min and the following pre-treatments performed at room temperature with washes of PBS (pH 7.2)-or DEPC-treated water between each: 0.2% Triton X-100. 5 min; 0.1 M HCI, 20 min; 2 pg proteinase K. 20 min (37°C); 0.1% glycine in PBS (brief rinse); and 4 % paraformaldehyde, 30 min. Sections were prehybridized in hybridization buffer [SO% formamide, 5 x SSC, 0.1% N-lauroylsarcosinc. 0.02% SDS. 5 % (w/v) blocking reagent from kit, and 100 pglml salmon sperm DNA] for 15 min at 37°C. then hybridized with probe at a final concentration of 0.25-0.5 nglpl at 42'C for approximately 16 hr. Before hybridization both the probe and target DNA in the tissue were denatured by heating on an oven hotplate at 100°C for 10 min. After hybridization sections were washed for 15 min in two changes of each of the following solutions: 2 x SSC, 1 x SSC. and 0.1 x SSC. all at room temperature. Hybridized probe was detected with the digoxigenin color detection system where sections were rinsed in Buffer 1, incubated with a 1:500 dilution of antibody conjugate in Buffer 1 for 60 min at room temperature, then washed in Buffer 1 twice for 15 min each. Sections were equilibrated in Buffer 3 and the nitroblue tetrazolium and X-phosphate color substrate solutions were developed in the dark and monitored microscopically until the reaction was stopped with Buffer 4. Sections were stained with 2% methyl green as a nuclear stain.
Results
Each of the eight probes examined in this study bound to cells in the jejunum of the gastrointestinal tract of mice. The position of the in situ hybridization signal at the base of the crypts of Lieberkuhn ( Figure 1 ) correlates with the histological location of Paneth cells (13). Furthermore, signal was observed in both the ileum and . jejunum but not in the large intestine (Figure 2) with all of the eight different probes, as summarized in Table 1 . The binding exhibited by each probe was similar regardless of probe type (DNA or RNA), labeling technique (radioactive or non-radioactive), tissue preparation (frozen or paraffin), isotope (3% or l*SI), detection method (photographic emulsion or antibody/alkaline phosphatase reaction) or mouse strain (SJL/J or Balbk). Similar hybridization was also observed in the intestinal tract of Sprague-Dawley rats (data not shown).
In situ hybridization signal was observed in sections of gastrointestinal tissue of male mice when probed with digoxigenin-labeled Y chromosome-specific probe 145SC5 (see Figure 3) , and signal was also present in Paneth cells of female ileum and jejunum but not in the large intestine or in other female tissues (11) . Many tissues of Balblc mice probed with the Balbk genomic DNA probe exhibit signal in' all cells; however, additional signal was localized to Paneth cells in the ileum and jejunum. With both the Y chromosome and genomic DNA probes, the signal corresponding to the Paneth cells could be clearly differentiated from the normal hybridization signal because the Paneth cell binding was more intense and developed faster than the normal hybridization signal.
The nature of the binding of these nucleic acid probes was investigated further by treatment of the sections with RNAse, DNAse, or proteinase K before hybridization. These treatments, however, did not alter the signal from that of the original sections (see Fig  ure 4 ). Experiments on muscle tissue run concurrently with those on intestinal tissues indicated that treatment with DNAse and RNAse A efficiently degraded these nucleic acids, since specific hybridization of these probes to target DNA (11) and RNA (12) sequences was prevented. Proteinase K is a commonly used treatment for in situ hybridization, required to expose nucleic acids by digestion of proteins. Omission or variation of this step commonly results in a lack of positive hybridization signal; however, signal in Paneth cells was seen both with and without proteinase K treatment (Figure 4C) . In addition, sections were washed at an increased stringency (0.1 x SSC in 30% formamide at 90'C) to remove reversible signal resulting from nucleic acid hybridization, but this treatment also failed to reduce the signal.
Discussion
The present work reports the binding of a multitude of different nucleic acid probes, labeled by various techniques, to cells in both the ileum and jejunum but not in the large intestine of two different mouse strains and in Sprague-Dawley rats. The distribution of the positively labeled cells correlates with the localization of Paneth cells, which are restricted almost completely to the small intestine, extending from the gastroduodenal junction to the ileocecal valve and are usually found in the crypts of Lieberkuhn (14). The number of Paneth cells appears to increase towards the ileum, and although they have been reported in both the stomach and the large intestine in diseased states they are usually not present in these areas in normal tissue (14).
Previous reports of "A detection localized by in situ hybridization to Paneth cells in the gastrointestinal tract have identified the expression of certain genes likely to have a physiological role in the intestinal tract (1) (2) (3) (4) (5) . In some of these experiments there was additional independent evidence to support the presence of these specific transcripts in Paneth cells, in agreement with results from the in situ hybridization experiments. For example, the lysozyme protein has also been localized to Paneth cells with immunofluorescence (15), and Northern analysis of RNA from the small bowel has detected signal for cryptdin (3) and tumor necrosis factor (1) . Northern analysis, however, represents a large mixture of cells from a tissue sample and is therefore not definitive for a specific cell type such as Paneth cells.
The data presented in this report suggest that where in situ hy-bridization alone has been the criterion for localizing a given mRNA to Paneth cells, the result should be independently corroborated by (a) antibody localization, (b) RNAse control, and (c) hightemperature removal of hybridization signal. The nature of the nonspecific binding we have observed is enigmatic. A wide range ofprobes were investigated in this study, including sense and anti-sense probes for skeletal muscle-specific regulatory genes (12), both with and without the region of c-myc homology, a general muscle structural gene (9) . a mouse Y chromosome-specific sequence (10, 11) , and a genomic DNA probe. The equal binding of this diverse range of probes rules out the possibility of sequence homology, and the different labeling procedures used preclude a methodology dependence. In addition, the failure to abrogate the signal with either RNAse, DNAse, proteinase K, or high-stringency washes indicates that the binding is nonspecific. These data indicate that the binding was not a nucleic acid-nucleic acid hybridization, nor was it associated with binding to proteins in the tissue.
Since the precise nature of the nonspecific binding of nucleic acids to Paneth cells reported here remains unclear, further work is required to define it. Alternatively, the strong nonspecific binding of nucleic acid probes to Paneth cells could in fact be a useful approach for identlfying these cells in situ. 
